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ABSTRACT
Background and Objectives: Now nearly 2 decades into
the laparoscopic era, nationwide laparoscopic cholecys-
tectomy conversion rates remain around 5% to 10%. We
analyzed patient- and surgeon-specific factors that may
impact the decision to convert to open.
Methods: We retrospectively analyzed 2205 LCs per-
formed at a large tertiary community hospital over a 52-
month period (May 2004 through October 2008).
Results: The overall conversion rate was 4.9%. The most
common reason for conversion was adhesions, and the
majority of these patients had prior abdominal surgery.
Males and patients 50 years old had a significantly
higher likelihood of open conversion. The conversion rate
of high-volume surgeons (100 total cases) in compari-
son to low-volume surgeons (40 to 99 total cases) was
significantly lower. Conversion rates were lower among
surgeons with fellowship training and those who com-
pleted residency training after 1990. Interestingly, the per-
centage of conversions due to technical difficulty was
lower among those with fellowship training but higher
among those who completed training after 1990.
Conclusion: Conversion occurred in 5% of all laparo-
scopic cholecystectomies. Males, patients 50 years old,
and cases performed by low-volume surgeons had a
higher likelihood of conversion. Other surgeon-specific
factors did not have a significant impact on conversion
rate.
Key Words: Laparoscopic cholecystectomy, Laparo-
scopic conversion rate, Surgeon-specific factors, Patient-
specific factors.
INTRODUCTION
It has been more than 2 decades since McKernan per-
formed the first laparoscopic cholecystectomy (LC) in
North America1 and 17 years since LC was deemed equiv-
alent to open cholecystectomy (OC) in a consensus state-
ment by the National Institutes of Health (NIH).2 Today,
LC has become the procedure of choice for symptomatic
biliary disease.3,4 Approximately 75% of all cholecystecto-
mies are performed laparoscopically, and conversion to
the open procedure ranges from 5% to 10% nationwide.5
The NIH postulated that the outcome of LCs would be
greatly influenced by surgeon-specific factors, such as
training, experience, skill and judgment.2 In addition, nu-
merous patient and disease-related factors, such as male
gender, obesity, old age (65), prior abdominal surgery,
acute cholecystitis, choledocholithiasis, and anomalous
anatomy have been reported as significant risk factors for
conversion to the open procedure.5–8
Preliminary reports on the performance of LC suggest
that the increased rate of intraoperative complications is
attributed to technical difficulty.3 The initial rate of
common bile duct (CBD) injury in LC ranged from 0.2%
to 3%, or up to 5 times higher than in OC.4,9–11 How-
ever, experience with LC and improved laparoscopic
principles encouraging the accurate anatomical identi-
fication of structures, limited dissection within Calot’s
triangle, and the judicious use of intraoperative cholan-
giography have stabilized the CBD injury rate to a range
of 0.25% to 0.5% nationwide.12 Furthermore, a 2006
Cochrane review declared there was no significant dif-
ference in morbidity, mortality, and operative time be-
tween LC and OC.3 More importantly, LC has been
shown to have significant advantages over OC by re-
ducing postoperative pain and thereby accelerating re-
covery and return to work and activity.3,8 Despite this
progress, there are still a substantial proportion of pa-
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SCIENTIFIC PAPERtients in whom LC cannot be successfully performed
and conversion to open surgery is required.
Patient-specific factors associated with a higher likelihood
of conversion have been thoroughly studied.4–7,13–15 In
contrast, surgeon-specific factors, aside from case volume,
remain uncultivated.6,7,16 We sought to assess our experi-
ence with LC, while focusing on surgeon-specific and
patient-specific factors that may be associated with a
higher rate of conversion over a 52-month study period.
This new insight should contribute to a better understand-
ing of predictors for laparoscopic conversion and thus
enhance the surgeon’s ability to formulate and articulate a
patient’s unique risk of conversion prior to LC.
MATERIALS AND METHODS
A retrospective chart review of all patients who under-
went LC at the Saint Barnabas Medical Center (SBMC) in
Livingston, New Jersey, over a 52-month period (May
2004 to October 2008) was performed. The LCs were
performed by 35 distinct surgeons. The decision to con-
vert to open was made by the individual surgeon, and the
reason for conversion was extracted from the patient’s
medical record (operative report).
Operative Technique
All operations were performed with the patient under
general anesthesia with endotracheal intubation using ei-
ther a 3- or 4-trocar technique.
Evaluation Criteria and Comparison Factors
Patient-specific characteristics that were extracted in-
cluded age, sex, and a history of prior abdominal surgery.
Surgeon-specific characteristics that were extracted in-
cluded annual and total case volume over the study pe-
riod, year of general surgery residency graduation, and
whether each of the surgeons obtained additional mini-
mally invasive fellowship training. Based on the total case
volume/surgeon over the study period, each surgeon was
categorized into either high-volume (100 LCs per-
formed) or low-volume (40 to 99 LCs performed) groups.
Similarly, surgeons were categorized into those that grad-
uated before or in 1990 versus after 1990, as well as those
who completed versus those who did not complete addi-
tional minimally invasive fellowship training. CRs and the
proportion of conversions due to technical difficulty or
iatrogenic injury were calculated for each of the groups to
perform a comparative analysis.
Statistical Analysis
Collected data were tabulated, and calculations were per-
formed using Microsoft Excel statistical functions. Statisti-
cal analysis included a z-test for comparing proportions,
and a Student t test (2-tailed) for comparing means. Sig-
nificance levels were defined as P0.05.
RESULTS
Over the 52-month study period, 2284 patients underwent
cholecystectomy. Among patients undergoing cholecys-
tectomy, LC was attempted in 2205 (96.5%) patients, and
primary OC was performed in 79 (3.5%) patients. Of the
2205 attempted LCs, 2096 (95.1%) were completed suc-
cessfully, and 109 (4.9%) were converted to the open
procedure (Figure 1). An average of 441 LCs were at-
tempted annually with the greatest number (N515) per-
formed in 2006. The annual rate of attempted LCs ranged
from 94.8% (457 of 482 total cholecystectomies in 2005) to
97.4% (446 of 458 total cholecystectomies in 2007)
(P0.06, Figure 2). The annual CR ranged from 3.7% (19
of 515 attempted LCs in 2006) to 7.2% (33 of 457 attempted
LCs in 2005) (P0.02, Figure 2).
Figure 3A depicts the various reasons for laparoscopic
conversion in all 109 patients. Presence of adhesions de-
fined as scar tissue in response to prior surgery, trauma, or
inflammation was the most common reason for conver-
sion (44 of 109 patients, 40.4%). Among the 109 patients
who underwent laparoscopic conversion to open, 54.1%
(N59) had no prior history of abdominal surgery (Fig-
ure 3B). However, among the conversions due to adhe-
sions, 54.5% (N24) had a history of abdominal surgery,
Figure 1. Attempted laparoscopic cholecystectomies (LCs) and
the percentage of laparoscopic cholecystectomy (LC) proce-
dures that were successful and converted to open. Laparoscopic
cholecystectomy conversion rate (LCCR) was 4.9% (109/2205).
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(Figure 3A). The second most common reason for conver-
sion was technical difficulty (25 of 109 patients, 22.9%), and
of these cases 22 surgeons cited inadequate visualization in
the absence of hepatomegaly, 2 cited inadequate visualiza-
tion in the presence of hepatomegaly, and one cited inade-
quate pneumoperitoneum. Additional reasons for conver-
sion included (in order of most common to least common):
iatrogenic injury (N12), severe acute inflammatory process
(N12), hemorrhage (N7), anomalous biliary anatomy
(N3), bile leak/bile peritonitis (N3), CBD stone (N2),
and choledochoduodenal fistula (N1). Among patients
with iatrogenic injury who underwent laparoscopic conver-
sion, 7 patients incurred gallbladder perforation, 2 incurred
CBD injury, 1 incurred right posterior sectoral duct injury,
and 1 incurred an enterotomy. CBD injury at our institution
occurred in 0.1% (2 of 2205) of all attempted LCs and ac-
counted for 1.8% (2 of 109) of converted LCs. Of those
patients with bile leak/bile peritonitis, one had perforated
(noniatrogenic) cholecystitis, another had sustained erosion
of the T-tube into the CBD, and the third leaked bile through
a remnant GB infundibulum.
Figure 2. The annual rate of attempted laparoscopic cholecystectomies (solid line) ranged from 94.8% in 2005 to 97.4% in 2007
(P0.06). The annual conversion rate (dashed line) ranged from 3.7% in 2006 to 7.2% in 2005 (P0.02).
Figure 3. A) Detailed indications for conversion of laparoscopic cholecystectomy to an open procedure among 109 patients are
provided. Among patients with adhesions as the indication for conversion, 54.5% had a history of abdominal surgery (see insert); B)
Of the 109 patients converted to open procedures 54% had no prior abdominal surgeries.
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In patients in whom LC was attempted, 74.7% (1647/2205)
were females, and 25.3% (558/2205) were males. The
mean age of patients in whom LC was attempted was 50.5
years old. The mean age of patients undergoing successful
LC was 49.6 years old and 66.1 years old among those
converted to OC (P0.0001). Twenty pediatric (age18)
patients (0.9%, 20/2205) underwent LC, and there were no
conversions to OC.
Cholecystectomy was performed slightly more often in
patients 50 years of age versus those 50 years of age
[50.2% (N1146) versus 49.8% (N1138); P0.06]. LC
was attempted in a larger proportion of patients 50 years
of age versus those 50 years of age [98.7% (N1123)
versus 94.4% (N1082); P0.0001, respectively), and a
larger proportion of patients 50 years of age versus
those 50 years of age underwent conversion to OC [8.8%
(N92) versus 1.5% (N17); P0.0001] (Figure 4).
A larger percentage of females versus males underwent cho-
lecystectomies [73.8% (N1686) versus 26.2% (N602),
P0.0001), and LCs were attempted in a larger percentage of
females versus males [97.7% (N1647) versus 92.7%
Figure 4. Comparison of the proportion of total cholecystectomy cases, attempted laparoscopic cases, and conversion rates in male
versus female patients.
Figure 5. Comparison of the proportion of total cholecystectomy cases, attempted laparoscopic cases, and conversion rates in patients
50 years old versus 50 years old. The mean age of patients in whom laparoscopic cholecystectomy (LC) was attempted was 50.5.
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males versus females underwent conversion to OC [9.1%
(N51) versus 3.5% (N58), P0.0001) (Figure 5).
Surgeon-Specific Characteristics
The overall CR of LCs performed by high-volume sur-
geons was significantly lower in comparison with that of
low-volume surgeons [4.5% (N77) versus 8.3% (N23);
P0.01) (Figure 6A). The CRs ranged from 1% (1/113) to
6.5% (10/155) in the high-volume group and 0% (0/40) to
15.3% (11/72) in the low-volume group. The average
number of cases collectively performed over a year by the
high-volume group was 216 (range, 113 to 616), and the
number of cases performed by the low-volume group was
69 (range, 41 to 99). The annual CRs among surgeons who
performed 20 cases/year and those who performed 8 to
20 cases/year did not differ significantly (P0.07 to 0.7,
Figure 6B). CRs among surgeons who performed 20
cases/year reached their nadir in 2006 at 3.7% (N515)
and peaked in 2005 at 7.2% (N457). CRs among sur-
geons who performed 8 to 20 cases/year reached their
nadir in 2007 at 0% (N32) and peaked in 2005 at 13%
(N77). CRs were lower among surgeons who completed
residency training after 1990 versus those who completed
training before 1990 [4.2% (N  44) versus 5.8% (N56);
P0.1) (Figure 7A). In addition, surgeons with fellow-
ship training had lower CRs than those without additional
training [4% (N17) versus 5.3% (N83); P0.3) (Figure
7B). Moreover, the percentage of conversions due to
technical difficulty/intraoperative complications were
lower among surgeons with fellowship training [29.4%
(N5) versus 38.6% (N32); P0.3) (Figure 7D) but was
higher among those who had completed training after
1990 [45.5% (N20) versus surgeons trained prior to 1990:
30.4% (N17); P0.2) (Figure 7C).
DISCUSSION
The first LC in North America was performed on June 22,
1988 by J. Barry McKernan at the Marietta Surgical Center
in Marietta, Georgia, USA.1 Since then, the popularity of
LC has grown logarithmically to its current stature as the
Figure 6. Comparison of high-volume versus low-volume surgeons. A) Conversion rates and attempted laparoscopic cases for
lowvolume surgeons (40 to 100 total cases) versus high-volume surgeons (100 total cases); B) Annual CR variance between
highvolume and low-volume surgeons did not vary significantly (P0.07 to 0.7).
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LC has been associated with lower patient morbidity,
hospital costs, and a shorter recovery period, but carries
with it the inherent risk of conversion to an open proce-
dure and a slightly higher risk of CBD injury.2,3,7,8 In fact,
the published national averages for CR ranges between
5% to 10%, which is consistent with the CR of 4.9% in the
current study.5 A review of the literature on LC reveals that
the risk of laparoscopic conversion is associated with
specific patient- and surgeon-specific factors.4,7,17–19 To
date, patient-specific risk factors for open conversion have
been extensively evaluated,4–7,13–15,20 whereas surgeon-
specific factors remain poorly assessed.7,17,18,21–25 While
identification of patient-specific factors may assist in care-
fully selecting patients for laparoscopic procedures, an
understanding of surgeon specific factors may assist the
patient and surgical team to make better decisions about
procedure selection and technique as well as operative
considerations.
Patient-specific risk factors, such as male gender, old age,
and prior abdominal surgery, have been shown to be
predictors of unsuccessful LC. One such risk factor, the
male gender, is associated with a higher likelihood of
conversion, which may be due to the more frequent as-
sociation of pathologically severe disease.5,7,19 Data de-
rived from the National Hospital Discharge database by
Livingston et al5 revealed that males with acute cholecys-
titis incurred a higher risk of conversion (2.5%) than their
female counterparts (1.5%). Further, Lein et al19 also noted
that acute cholecystitis has a disproportionately higher
incidence in males compared with the proportion under-
going cholecystectomy. The current report is in agreement
with these findings in that 46.8% of those undergoing
conversion were male, although males made up only
25.3% undergoing LC. Another patient-specific risk factor
for conversion was advanced age.5–8,26 In the current
study, the CR in the older patient group (50 years old)
was nearly 6-fold higher than in younger patients. Previ-
ous findings have found 2- to 4-fold higher CRs in older
patients.5–7,27 Notably, elderly patients have a higher inci-
dence of severe, acute, and gangrenous cholecystitis as
well as an increased incidence of comorbid cardiopulmo-
nary disease, choledocholithiasis, and prior abdominal
surgery, which may contribute to the higher CR.7,26,27
Finally, prior abdominal surgery has also been associated
with a higher likelihood of conversion in numerous stud-
ies.7,8,28 Prior surgery, especially in the upper abdomen,
may result in adhesions around the gallbladder, limiting
Figure 7. A) Difference in conversion rates (CRs) between surgeons who completed residency training after or before 1990 was not
significantly different; B) Surgeons who completed residency training after 1990 converted due to technical difficulty or iatrogenic injury
more often; however, this was not statistically significant; C) Difference in CRs between surgeons with fellowship training and those
without was not significantly different; D) Surgeons with fellowship training converted due to technical difficulty or iatrogenic injury
less often; however, this was not statistically significant.
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the most commonly cited reason for conversion in the
present study, and almost half of the patients undergoing
conversion had a history of abdominal surgery. While the
aforementioned patient factors certainly contribute to un-
successful LCs, it is generally accepted that the most im-
portant factors are surgeon-specific.2
The NIH 1992 consensus statement stated that the out-
come of LCs are influenced greatly by the training, expe-
rience, skill, and judgment of the surgeon performing the
procedure.2 Since then, various studies have demon-
strated that case volume significantly affects the profi-
ciency of a surgeon.6,7,17,21–25 Liu et al6 demonstrated that
the laparoscopic cholecystectomy conversion rate (LCCR)
decreased from 17% in a surgeon’s initial 100 cases to 4%
when the surgical experience reached between 400 to 500
cases (P0.05). Synonymous with the learning curve, a
“proficiency-gain curve” for surgeons refers to a graphical
representation of improving the rate of proficiency in
relation to the increasing number of laparoscopic proce-
dures performed.29 This would explain the difference be-
tween the CRs of high-volume and low-volume surgeons
in the current study (4.5% versus 8.3%; P0.01). Several
studies have attempted to define the actual number of
operations a surgeon must perform to attain the stage of
consistent efficiency and safe execution of any minimally
invasive procedure.4,7,19,20,30 However, results vary widely
(10 to 200 operations), and it seems likely that additional
surgeon-specific factors may also influence CRs.
Advanced minimally invasive surgical training purport-
edly increases a surgeon’s skill set beyond that gained
during surgical residency.31 Hence, it is reasonable to
think that acquisition of different perspectives and adopt-
ing an effortless approach to tissue dissection in the 2-
dimensional realm during advanced surgical training
should translate into improved performance of basic min-
imally invasive procedures such as LC. In our study, the
overall CRs and CRs due to technical difficulty or iatro-
genic injury among fellowship-trained surgeons were
lower than their counterparts (4% versus 5.3%, P0.3 and
29.4% versus 38.5%, P0.3, respectively), although not
statistically significant. Similarly, Bohacek and Pace16 re-
vealed a lower LCCR in cases performed by a minimally
invasive fellowship-trained surgeon (3.2%) in comparison
with cases performed by surgeons with no formal ad-
vanced laparoscopic training (16.5%) (P0.05).
Advent of the laparoscopic era, the period of time post-
1990 until the present, saw a dramatic transformation of
surgical education. LC and endoscopic surgical proce-
dures were included nationwide in surgical training pro-
grams in the early 1990s, potentially instilling greater con-
fidence in post-1990 surgical graduates in regards to
laparoscopic skills.32,33 Surprisingly, the current study
found no difference between CRs of surgeons trained in
the laparoscopic era and the prelaparoscopic era. More-
over, there was no significant difference between the
percentages of cases converted due to technical difficulty
or iatrogenic injury in either of these groups.
CONCLUSIONS
Patient- and surgeon-specific factors are significantly as-
sociated with conversion of LC. Specifically, male gender,
old age (50 years old) and low-volume surgeons (40 to
99 cases performed over the 52-month period) were
found to have significantly higher CRs than their counter-
parts. On the contrary, additional fellowship training and
residency completion in the laparoscopic era (post-1990)
did not reveal significant differences in CRs versus their
counterparts nor did it result in a significant decrease in
likelihood of conversion due to technical difficulty or
iatrogenic injury. An appreciation of these predictors of
conversion should permit more appropriate preoperative
consent of patients and encourage surgeons to evaluate their
own skill set and seek additional training if necessary.
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